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ABSTRACT 

S p a c e c r a f t  and probe t r a j e c t o r i e s  w i t h i n  Venus’ s p h e r e  
o f  i n f l u e n c e  were c a l c u l a t e d  for t h e  1975 Venus L i g h t s i d e  Flyby 
m i s s i o n .  The s p a c e c r a f t  t r a j e c t o r y  i s  shown on F i g u r e  1 and i n  
more d e t a i l  on F i g u r e s  2 and 3.  

A s p h e r i c a l  zone of abou t  30° i n  w i d t h  can  b e  r eached  
w i t h  a probe  w i t h i n  r e a s o n a b l e  l i m i t s  o f  e n t r y  a n g l e s  as i n d i -  
c a t e d  i n  F i g u r e  4 .  F i g u r e  5 i l l u s t r a t e s  t h e  AV p e n a l t y  f o r  hav- 
i n g  t h e  p robes  a r r i v e  b e f o r e  or a f t e r  t h e  s p a c e c r a f t  r e a c h e s  
p e r i a p s i s .  

Having p i c k e d  a convenient  t i m e  o f  a r r i v a l  f o r  t h e  
p robe ,  t h e  anomaly o f  t h e  e n t r y  p o i n t  may be  r e a d i l y  de t e rmined  
from F i g u r e s  6 and 7 .  
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I N T R O D U C T I O N  

S p a c e c r a f t  and probe  t r a j e c t o r i e s  w i t h i n  t h e  s p h e r e  o f  
i n f l u e n c e  of  t h e  p l a n e t  were c a l c u l a t e d  by u t i l i z i n g  t h e  same 
computer  plliogram as used  i n  a s tudy  o f  t h e  1975 Mars Flyby 
( R e f e r e n c e  1). The a n a l y s i s  i s  based  on d a t a  f o r  t h e  1975  Venus 
L i g h t s i d e  Flyby m i s s i o n  g i v e n  i n  Refe rence  2 .  

SPACECRAFT TRAJECTORY 

The nominal  p l a n e t o c e n t r i c  s p a c e c r a f t  t r a j e c t o r y  i s  
based  on t h e  f o l l o w i n g  d a t a  t aken  from Refe rence  2 :  

1. P l a n e t a r y  r a d i u s  : Rv = 3 , 2 9 0  n a u t i c a l  miles 

2 .  P e r i a p s i s  r a d i u s  : R = 3 ,559 .78  n a u t i c a l  m i l e s  
P 

3. P e r i a p s i s  a l t i t u d e  : h = 2 6 9 . 7 8  n a u t i c a l  mi l e s  
P 

4 .  Venus a r r i v a l  speed :  V = 15 ,143 .83  r i a u t i c a i  miles .  
00 

From t h e s e ,  a l l  o t h e r  d a t a  r e l a t i v e  t o  t h e  s p a c e c r a f t  t r a j e c t o r y  
are  de te rmined  such  as: 

1. Energy : 1 . 1 4 6 6 7 7  x l o 8  f t 2 / s e c  2 

2 .  E c c e n t r i c i t y  : 1 . 4 3 2 3 9  ( - ) 

3. S e m i l a t u s  rectum : 5 . 2 6 1 1 7 5  x l o 7  f t  

4 .  V e l o c i t y  a t  p e r i a p s i s :  35918.109 f t / s e c  

5 .  Angular momentum : 7 . 7 6 8 9 5 6  x f t 2 / s e c .  

The s p a c e c r a f t  t r a j e c t o r y  w i t h i n  t h e  s p h e r e  of  i n f l u e n c e  o f  Venus 
i s  shown on F i g u r e  1. T h i s  f i g u r e  i s  drawn on s c a l e  and shows a l s o  
t h e  t imes  t o  p e r i a p s i s  passage  and t h e  v e h i c l e  v e l o c i t y  r e l a t i v e  
t o  t h e  p l a n e t .  F i g u r e  2 i s  a p l o t  o f  S p a c e c r a f t  A l t i t u d e  and 
T ime  t o  p e r i a p s i s  pas sage  v s .  Anomaly from p e r i a p s i s .  F i g u r e  3 
shows F l i g h t  P a t h  Angle and V e l o c i t y  v s .  Ano 
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PROBE TRAJECTORIES 

Probe t r a j e c t o r i e s  were l i m i t e d  t o  e n t r y  a n g l e s  o f  
1 0 ,  2 0 ,  and 30 d e g r e e s  a t  an a l t i t u d e  of  7 0 0 , 0 0 0  f t .  above 
t h e  s u r f a c e .  These two l i m i t s  c o v e r  f a i r l y  w e l l  t h e  whole 
r ange  of  p o s s i b l e  e n t r y  a n g l e s ;  1 0  d e g r e e s  approaches  t h e  s k i p -  
o u t  l i m i t  and t h e  30 d e g r e e s  e n t r y  a n g l e  co r re sponds  t o  d e c e l e r -  
a t i o n s  of o v e r  200g and e x c e s s i v e  h e a t i n g  ra tes .  The t r u e  
anomaly w i t h  r e s p e c t  to t h e  s p a c e c r a f t  h y p e r b o l a  p e r i a p s i s  i s  
shown i n  F i g u r e  4 .  The e n t r y  p o i n t s  c o r r e s p o n d i n g  t o  1 0 ,  2 0 ,  
and 30 d e g r e e s  e n t r y  a n g l e  a r e  shown as p o i n t s  A ,  B ,  and C on 
t h e  l i g h t s i d e  of  t h e  p l a n e t .  Note t h a t  t h e  f i g u r e  i s  drawn t o  
s c a l e .  The p robe  deployment d i s t a n c e  was assumed t o  be 5 0 0 , 0 0 0  
n a u t i c a l  mi l e s ,  which on t h e  s c a l e  o f  F i g u r e  4 would r e p r e s e n t  
about  21 f e e t .  O f  c o u r s e ,  f r o m  t h a t  d i s t a n c e  p r o b e s  cou ld  b e  
d i r e c t e d  t o  t h e  da rks ide  of t h e  p l a n e t .  P o i n t s  D ,  E ,  and F on 
F i g u r e  4 were o b t a i n e d  w i t h  t h e  supplementary  e n t r y  a n g l e s  1 7 0 ,  
1 6 0 ,  and 150 d e g r e e s .  The p o i n t s  A t o  F i n d i c a t e d  on F i g u r e  4 
cari b e  o b t a i n e d  w i t h  a very s m l l  i n j e c t i o n  AT: about t h e  ~ r d e r  
of  magnitude o f  a midcourse c o r r e c t i o n .  The p robe  e n t e r s  t h e  
atmosphere a t  about  t h e  same t i m e  as t h e  s p a c e c r a f t  r e a c h e s  
p e r i a p s i s .  

F i g u r e  5 shows t h e  AV p e n a l t y  f o r  hav ing  t h e  p robe  
e n t e r  t h e  atmosphere e i t h e r  b e f o r e  or a f t e r  s p a c e c r a f t  a r r i v a l  
a t  p e r i a p s i s  f o r  v a r i o u s  probe deployment d i s t a n c e s  r a n g i n g  from 
500,000n miles  t o  5,000,000n miles. F i g u r e s  6 and 7 show t h e  AV 
e x p e n d i t u r e  r e q u i r e d  for r e a c h i n g  o t h e r  anomal i e s .  More s p e c i -  
f i c a l l y  F i g u r e  6 re fe rs  t o  t h e  l i g h t  s ide  and F i g u r e  7 t o  t h e  
d a r k s i d e  p o i n t s .  Both are a p p l i c a b l e  t o  t h e  whole r ange  o f  de- 
ployment d i s t a n c e s  between 5 O O , O O O  and 5,000,000 mi l e s .  

F i g u r e  6 shows t h a t  f o r  a AV e x p e n d i t u r e  o f  5 , 0 0 0  f t / s e c ,  
t h e  anomaly may change ove r  a r ange  o f  15 t o  20  d e g r e e s .  The 
p o i n t s  w i t h  c l o s e  t o  z e r o  AV on t h e  c u r v e s  of  F i g u r e  6 co r re spond  t o  
p o i n t s  A ,  B ,  C on F i g u r e  4 .  These p o i n t s  a re  r eached  approx ima te ly  
a t  t h e  t i m e  when t h e  s p a c e c r a f t  passes p e r i a p s i s .  The l e f t  hand 
h a l v e s  of t h e  cu rves  cor respond t o  a l a t e r ,  t h e  r i g h t  hand h a l v e s  
t o  a n  e a r l i e r  a r r i v a l .  

Using v a l u e s  o f  e n t r y  a n g l e s  between 1 0  and 30 d e g r e e s  
any des i red  v a l u e  of  anomaly w i t h i n  t h e s e  l i m i t s  may b e  r e a c h e d .  

I n  p r a c t i c e  one would p roceed  approx ima te ly  as f o l l o w s :  



- 3 -  

A .  Determine a t  what t i m e  t h e  a r r i v a l  o f  t h e  probe  
i s  d e s i r e d  and p i c k  t h e  r e q u i r e d  AV v a l u e  from 
F i g u r e  5. 

B. Determine f o r  t h a t  v a l u e  of AV t h e  anomaly from 
F i g u r e  6 and 7 .  

CONCLUSIONS 

Within  t h e  e n t r y  angle l i m i t s  o f  1 0  t o  30 degrees,  
p r o b e s  w i l l  r e a c h  t h e  p l a n e t  w i t h i n  a 31 d e g r e e  zone bounded b y  
t h e  p a r a l l e l  c i r c l e s  a and b i n  F i g u r e  4 .  These are t h e  o n l y  
p o i n t s  on t h e  p l a n e t  t h a t  can b e  r e a c h e d  w i t h  a low AV. For a 
h i g h e r  AV t h i s  zone can b e  ex tended  somewhat. F o r  i n s t a n c e ,  f o r  
a AV o f  1 0 , 0 0 0  f t / s e c ,  t h e  zone i s  i n c r e a s e d  about  25 degrees on 
t o p  and about  1 0  degrees on t h e  bot tom. 

For l i n e  of s i g h t  communication, prehes t h a t  r e a c h  t h e  
i i g n t  s i d e  of  t h e  p l a n e t  ( p o i n t s  A ,  B ,  C on F i g u r e  4 )  s h o u l d  b e  
i n j e c t e d  s o  as t o  e n t e r  t h e  atmosphere s l i g h t l y  b e f o r e  ( abou t  
1/4 h o u r )  t h e  s p a c e c r a f t ' s  a r r i v a l  a t  p e r i a p s i s .  For t h e  same 
r e a s o n ,  p r o b e s  t o  t h e  darks ide  s h o u l d  e n t e r  t h e  a tmosphere  abou t  
1 / 2  h o u r  a f t e r  t h e  s p a c e c r a f t ' s  a r r i v a l  a t  p e r i a p s i s .  

1 0  13-JJS-amb 

At tachments  
R e f e r e n c e s  1 and 2 
F i g u r e s  1 - 7 
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SPACECRAFT TRAJECTORY IN THE V l C r N l T Y  O F  VENUS 
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